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Responsiveness to a Self-Adminis-
tered Diet History Questionnaire in
a Work-Site Dietary Intervention
Trial for Mildly Hypercholeste-
rolemic Japanese Subjects: Correla-
tion Between Change in Dietary
Habits and Serum Cholesterol
Levels

Satoshi SASAKI, MD*!'?

Toyomi ISHIKAWA, MD*'”
Ryoko YANAGIBORI, MD**
Keiko AMANO, MD, FICC**

Modification of lifestyle, especially of diet, is considered important for prevention of cardiovascular dis-
ease. Dietary assessment is generally too troublesome to use in a large number of subjects for prevention.
We have therefore developed a self-administered diet history questionnaire (DHQ), an easier dietary
assessment method than conventional methods, with reasonable validity for use in dietary intervention
studies. Responsiveness, i.e., sensitivity to a change in a target variable, is one type of validity required for
a dietary assessment method which is used for the evaluation of the effect of dietary interventions.

We examined the responsiveness of the DHQ using the data from a 12-week work-site dietary interven-
tion trial including 63 (54 men and 9 women) mildly hypercholesterolemic Japanese (age range: 22—59
years, serum cholesterol > 200mg/dl) . Dietary habits were assessed by the DHQ before and after the trial.
Pearson’s correlation coefficients between the change in serum cholesterol and Keys score calculated from
the dietary data were 0.33 and 0.32(p < 0.01) with and without adjustment for possible confounding fac-
tors, respectively. Forty-two percent of the total variation of serum cholesterol change was explained by
the initial serum cholesterol level, the change in body mass index, and the Keys score.

The results suggest that the DHQ showed adequate responsiveness to the serum cholesterol change

resulting from dietary intervention.
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INTRODUCTION

Several epidemiologic studies in both Western
countries? and Japan® have reported that hyper-

nary heart disease. They showed a positive relation-
ship within the ranges of serum cholesterol of the
populations, even in populations with low levels
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(147-182mg/dl)in the Chinese study?, and no
evidence of threshold. From the viewpoint of pre-
vention, lifestyle modification for mildly hypercho-
lesterolemic persons is as important as pharmaco-
logical treatment for severely hypercholesterolemic
patients because the risk reduction at a population
level, i.e., benefit as a population, is as great in the
former strategy as in the latter®. Dietary modifica-
tion is recommended by the expert panel as a first-
step treatment for mild hypercholesterolemia
(serum cholesterol: 200—239 mg/d!) without defi-
nite coronary heart disease®. Several dietary inter-
vention trials have therefore been conducted to
establish effective educational methods to reduce
serum cholesterol levels among subjects with vari-
ous serum cholesterol ranges. For example, mean
serum cholesterol levels of studies included in a
meta-analysis on serum cholesterol change by
dietary intervention in free-living subjects varied
from 186 to 294 mg/di ™.

Among several dietary factors related to serum
cholesterol, saturated fatty acid (SFA), polyunsatu-
rated fatty acid (PUFA), and cholesterol have long
been of interest’~'¥). Although several dietary indi-
cators have been postulated to predict change in
serum cholesterol from intakes of the above 3 nutri-
ents8~1¥, The Keys score is one of the most fre-
quently used indices®, and is defined as:

@ (unit) =2.7( ASFA—PUFA/2) +1.5 A /(Chol)

where @ is the Keys score which predicts a 1 mg/d!
decrease in serum cholesterol level by 1 unit
decrease in the score, ASFA is change in SFA
intake expressed as a percentage of total energy,
APUFA is change in PUFA intake expressed as a
percentage of total energy, and A +v(Chol) is
change in the square root of cholesterol intake
(mg/1,000kcal).

Mean serum cholesterol levels and prevalence of
hypercholesterolemia have recently been increasing
in Japan'. The establishment of an effective sys-
tem of dietary education against hypercholes-
terolemia is also necessary in Japan. Although
some dietary intervention trials have been conduct-
ed in Japan'>!%), the results were inconclusive.
Moreover, no study has reported a quantitative
association between change in dietary habits and
change in serum cholesterol level at an individual
level in Japanese subjects.

Several nutrients including SFA, PUFA, and cho-
lesterol need quite long periods to obtain reliable

intakes at an individual level because of the wide
day-to-day variation'”'8), For example, SFA and
cholesterol need 71 and 139 days in men, respec-
tively, to obtain values within the range of true
intakes of individuals +5% with 5% error'?. In
Japan, a dietary record or recall over a few days has
usually been used for the dietary assessment of an
evaluation of dietary change by intervention. These
are not appropriate methods for the reasons above.
Moreover, these methods need relatively large man-
power of dietitians and cooperation of subjects.
Their feasibility for use in trials in a field-setting is
therefore questionable. In order to overcome these
problems, several semiquantitative dietary assess-
ment methods have been developed in Western
countries'*20. However, they cannot be directly
used for Japanese subjects because of the different
dietary habits and foods available.

We have therefore developed a self-administered
diet history questionnaire (DHQ) which can be used
for dietary interventions in Japanese?!??. One vali-
dation study compared nutrient intakes estimated
from the DHQ and those from 3-day dietary record
using mildly hypercholesterolemic women before
education??. The other examined the validity using
24-hour urinary excretion of sodium and potassium
as biomarkers?". The purpose of these studies was
a cross-sectional validation. Guyatt et al.?® first
proposed “responsiveness” to describe the sensi-
tivity to change of an evaluation instrument.
Responsiveness is another type of validity of
dietary assessment method. We recently reported
the effectiveness of a brief individual dietary coun-
seling approach based on the DHQ to modify
intakes of target nutrients for mildly hypercholes-
terolemic persons at a group level?¥. This did not
report the change in serum cholesterol level by the
counseling because of the small number of subjects
(n=32 in the case-group). Therefore, the respon-
siveness of DHQ at an individual level to serum
cholesterol change remains unresolved. This study
examined responsiveness of the DHQ using the
data of a 12-week work-site dietary intervention
trial for mildly hypercholesterolemic subjects using
the established education method.

METHODS

Subjects and study design

Subjects with a non-fasting serum cholesterol
level of 220mg/d! or more were screened at an
annual health checkup at Toho Gas Company,
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Nagoya, Japan, in October, 1995. Subjects with
200—219mg/d! serum cholesterol accompanied by
hypertriglyceridemia ( serum triglyceride >
300mg/dl), hyperglycemia (whole blood glucose >
120 mg/d!) and/or overweight [body mass index
(BMI) > 25.0kg/m?] were also screened. Total
subjects screened were 269 (235 men and 34
women). An invitation letter for the dietary inter-
vention trial with a full explanation of the purpose
of the study was mailed to them in March, 1996.
Seventy subjects agreed to participate in the study.
One person who agreed to the participation can-
celed before the trial started. The program of the
trial and the DHQ was mailed to the 69 subjects.
The DHQs were returned by mail. One dietitian and
5 staff (4 nurses and one fitness-trainer) with special
training for the questionnaire-handling checked the
answers. Any illogical answers were resolved and
the blanks were filled by telephone interviews with-
in 2 weeks. Individual education schemes were pre-
pared based on the results of the dietary survey.
Individual result sheets used in the education con-
sisted of 7 pages, and included a summary of the
characteristics of personal dietary habits and how to
modify the diet, a comprehensive table on nutrient
intakes by food group, and other information neces-
sary for education. The brief, approximately 15
min, individual counseling was performed by
trained nurses in June or July. During the subse-
quent 12 weeks, a newsletter was sent to partici-
pants every week. The newsletter consisted of an
easy-to-understand story on “how to normalize
your serum cholesterol level modifying your diet?”
or the related topics on one page of A4-size paper.
A brief questionnaire on diets during the previous
week was attached to the newsletter. The completed
questionnaire was sent back to the staff.
Newsletters were used to maintain the motivation
through the trial. A brief comment from the nurses
according to the answers of the previous brief ques-
tionnaire was sent back at the next mailing of the
newsletter and the questionnaire. Six subjects
dropped out (drop-out rate: 9%)and 63 (54 men
and 9 women, mean=standard deviation: 45.1%
8.3 years, age range: 22—59 years)completed the
trial. After the trial was completed (in September or
October), the DHQs to evaluate the change in
dietary habits were mailed to the subjects and the
filled DHQs were mailed back to the staff (dietary
survey after intervention). The same staff checked
the answers. Illogical answers were resolved and
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the blanks were filled by telephone interviews with-
in 2 weeks. The subjects received the annual health
checkup in October, 1996. The period was similar
to those of the second dietary survey. The results
were returned to the subjects in December, 1996.
(All hardcopy materials used in the study are avail-
able from the authors on request.) The number of
subjects at each step of the trial from the screening
to the completion of the trial is shown in Fig. 1.

Self-administered diet history questionnaire

The DHQ used in this study was a slight modifi-
cation of the test-version?'?2), The questions were
designed to assess dietary habits in the previous 1
month, and consisted of 7 sections: 1)Eleven ques-
tions on dietary behaviors such as ‘how often and
how much “shoyu (soy-sauce)” do you usually
use at table?’, 2) semi-quantitative frequency ques-
tions on 127 selected food items including 6 diet
foods and 10 supplements, 3) questions on frequen-
cy and quantity of rice, noodles, breads, and miso-
soup, 4) major cooking methods for fish, meats,
eggs, and vegetables, 5) frequency and quantity of 6
types of alcoholic beverages, 6)types, frequency,
and quantity of supplements, and 7) open-ended
questions to describe names and the quantities of
foods eaten regularly (at least once per week) which
were not listed in the questions. For questions about
rice and miso-soup, sizes of bowls usually used
were asked. For foods listed in the semi-quantita-
tive frequency question section, standard portion
sizes were given in words such as ‘a half’ for
apples and ‘one big leaf’ for cabbage. The food
items and the portion sizes listed in the semi-quan-
titative frequency question section were chosen as
foods commonly consumed in Japan. They were
selected mainly from a food list used in the
National Nutrition Survey of Japan2®. Local foods
and menus were not considered for food selection.
Frequency was asked using 8 categories: 1) More
than or equal to twice per day, 2) once per day, 3)
4—6 times per week, 4)2—3 times per week, 5)
once per week, 6)2—3 times per month, 7) once per
month, and 8)less than once per month. Relative
portion size was asked by 5 categories compared to
a standard portion size indicated in the question-
naire: 1) Very small(50% or less), 2) small (about
70—80%), 3) medium (about same as a standard
portion size), 4)large (20—30% larger), and 5)
very large (50% larger or more) . The questionnaire
took about 30— 60 min to answer.
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Screening at the annual health checkup Serum Men Women Total
in October, 1995 cholesterol*
220= 189 32 221
200-219 46 2 48
Total 235 34 269
|
Agreement Agreed [ Did not agree [
to participate Serum Men Women Total Serum Men Women Total
in the trial cholesterol* cholesterol*
220> 43 10 53 220> 146 22 168
200-219 17 0 17 200-219 29 2 31
Total 60 10 70 Total 175 24 199
Participation Yes No
in the trial Serum Men Women Total =
cholesterol*
220> 42 10 52
200-219 17 0 17
Total 59 10 69
Completion of the trial Yes No
with the annual Serum Men Women Total m
health checkup cholesterol*
in October, 1996 220> 39 9 48
200-219 15 0 15
Total 54 9 63
Fig. 1 Number of subjects in the trial

* Serum cholesterol (mg/dl) at the checkup in 1995.

Nutrient intake was calculated using an ad hoc
computer program developed to analyze the ques-
tionnaire. The Japanese food composition tables,
4th edition??”, and the others?® were used as the
data-base for food composition tables.

We were particularly interested in all fats ingest-
ed rather than only visible fat and intake of types of
fat, i.e., fatty acids, rather than total fat. Such an
assessment has been very difficult or almost impos-
sible for dietary assessment questionnaires previ-
ously developed in Japan because of the absence of
enough theory and methods to estimate invisible fat
intake such as cooking oil, and a lack of reliable
fatty acid composition table of Japanese foods for
nutrient calculation?3%, To overcome the former
problem, we used the theory of dietary history
method first proposed by Burke3" which assesses
food intakes (including seasonings) from the combi-
nation of questions on food consumption and
dietary behaviors such as cooking methods and sea-
soning use. This method originally needed the full
experience and technique of dietitians. Some
groups have developed computer algorithms and
questionnaires based on this theory and made the

assessment more systematic and rapid and reduced
the burden of subjects and dietitians3273%, We
developed a similar type of computer algorithm and
a questionnaire considering Japanese dietary char-
acteristics after extensive search of the information
on oil- and seasoning-use during cooking processes
and at table. This method was also used for sodium
and sugar intakes. The conceptual structure of the
algorithm is as follows. Sodium, sugar, and cooking
oil added during cooking were estimated from the
combination of questions on dietary behaviors, i.e.,
the major cooking methods of vegetables, fish and
meats, and food intakes obtained from the semi-
quantitative food frequency question section. Salt
from salted seasonings such as soy-sauce and from
table salt were also considered for salt intake. Fat
preference asked in the dietary behavior question
section was considered to choose types of meats
consumed. For the solution of the latter problem,
missing values of fatty acid and/or cholesterol com-
positions were substituted with those of foods with
similar compositions. In this case, the composition
of substituted fatty acids was adjusted for total fat.
Additional information was used for fatty acid
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Table 1 Age, body size, and serum lipid concentrations at screening and after intervention (n=63)

At screening After intervention Crude Percentage
(October, 1995) (October, 1996) change change'

Age (yr) 45.1£8.3 (Range=22-59)

Body height (cm) 165.818.0 165.8+7.9 0.0+0.7 0
Body weight (kg) 67.8+9.3 67.01+9.2 —0.8+2.5* -1
Body mass index (kg/m?) 24.6+25 243+%2.5 —0.3+1.0* -1
Serum cholesterol (mg/di) * 243+24 228430 —15£26*** -6
HDL cholesterol (mg/d/) * 50+16 5315 3E6%** 7
Triglyceride (mg/dl) * 3444201 205+133 — 138 144*** —40

"Percentage change = (mean after intervention —mean at screening) /mean at screening.

*The blood was sampled at non-fasting condition.

Significance for the change between at screening and after intervention: *p<0.05, **p<0.01, ***p<0.001.

Values are mean£SD.
HDL =high-density lipoprotein.

compositions of some foods?®. Most foods are bev-
erages, fruits and vegetables, with total fat less than
1.0g per 100g portion and without fatty acid com-
position, so the values remain unknown. For
cooked foods and processed foods which were not
listed in the food composition tables of Japanese
foods?627), the nutrient compositions were calculat-
ed using the recipes prepared by a dietitian. In this
case, to ensure as much accuracy as possible, other
major nutrients in addition to fat and energy were
considered.

Statistical analysis

Serum lipid concentrations, total cholesterol,
high-density lipoprotein (HDL) cholesterol, and
triglyceride, were also measured just before the
trial with more strict quality control than usual
annual health checkups. However, as the compari-
son of these 2 values was difficult because of the
different level of quality control, the values mea-
sured in 2 health checkups in 1995 and 1996 were
used for the follow-up evaluation in this study.
Intake levels were calculated for total energy and
18 nutrients. Foods in the open-ended question sec-
tion and supplements were not included for nutrient
calculation because the foods reported in the open-
ended question section were negligible for the pur-
pose of nutrient calculation and no reliable food
composition table was available for most supple-
ments. From the viewpoint of nutrient-disease asso-
ciation, nutrient intakes considering body size and
energy requirement of each person are more inter-
esting than the absolute intakes. Among several
methods for energy-adjustment3$36), the density
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model was used in this study3®.

Pearson’s correlations between the change in
serum cholesterol and change in dietary factors
were calculated with and without adjustment for
possible confounding factors. Multiple regression
analysis was performed to examine the correlation
between the change in serum cholesterol levels, and
Keys score? and other possible risk factors. Serum
cholesterol at screening, and change in BMI were
included in the analysis as possible non-dietary risk
factors. Age was also included in the model.
Because of a possible different response to the
intervention between men and women and the
small sample size for women (n=9), we performed
the same analyses for men only (n =54). The
results were similar to those in both sexes com-
bined, although the most of the results were slightly
less marked because of the smaller number of sub-
jects. Therefore, only the analyses for both sexes
combined are presented here. To exclude sex-relat-
ed differences as much as possible, sex (as a
dummy variable) was included in the model. We
also examined the model with body weight in place
of BMI because some previous studies reported a
serum cholesterol lowering effect of reduction in
body weight?”). We additionally examined the
model with the change in intakes of SFA, PUFA,
and cholesterol at one time in place of Keys score.
The result is also presented here because the deter-
mination coefficient was comparable with those
observed in the model with Keys score.

RESULTS

Table 1 shows age, body size, and the changes in
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Table 2 Nutrient intakes before and after intervention (n =63)

Before intervention After intervention Crude Percentage
(May, 1996) (October, 1996) change change’

Energy (kcal/day) 2,129+470 1,984+508 —145+518* -7
Protein (%E) 13.0+2.1 14.6%£2.5 1.6£2.1%* 12
Carbohydrate (%E) 55.3%8.0 56.2+7.3 09+6.4 2
Total fat (%E) 239+53 21.0+4.6 —2.8E5.4*** —12
SFA(%E) 7.6+£1.9 59+15 —1.7£1.9** -22
MUFA (%E) 8.2+2.1 7.0%x1.8 —1.2£22%* —15
PUFA (%E) 54+15 56t1.4 02%1.5 3

n-3 PUFA (%E) 1.1+04 1.2+0.4 0.1+04* 12

n-6 PUFA (%E) 44+13 44+12 0.0+1.3

Vitamin C (mg/1,000 kcal) 65.91+108.6 67.3181.2 1.4%£52.7 2
Vitamin A (IU/1,000 kcal) 1,002 +693 1,212+630 210%£720* 21
Retinol ( xg/1,000 kcal) 148174 192+ 141 44+194 30
Carotene ( ¢g/1,000 kcal) 8961549 1,084+639 188 +494** 21
Cholesterol (mg/1,000 kcal) 128+52 121+40 —7+£53 =5
Keys score (unit) * - - —5.1%59 -
Ethanol (%E) 10.6£9.6 11.0+10.4 031638 3
Dietary fiber (g/1,000 kcal) 8.7+3.1 89+24 0.2+29 2
Water soluble fiber (g/1,000 kcal) 1.3£0.5 1.4+04 0.1£0.4 5
Non-water soluble fiber (g/1,000 kcal) 7.4+2.7 7.5+2.1 0.1+25 1

TPercentage change = (mean after intervention —mean before intervention) /mean before intervention.
*Keys score (unit) =2.7( ASFA— APUFA/2) +1.5A/(Chol), where A SFA=change in SFA intake (%E), APUFA=change in
PUFA intake (%E), and Ay (Chol) =change in the square root of cholesterol intake (mg/1,000 kcal).

Significance for the change : *p<0.05, **p<0.01, ***p<0.001.

Values are mean=+SD.

%E =percentage of total energy ; SFA=saturated fatty acid; MUFA =monounsaturated fatty acid ; PUFA =polyunsaturated fatty

acid.

serum lipid concentrations. Age range was 22—59
years. A significant decrease was observed in
serum cholesterol, triglyceride (p < 0.001), body
weight, and BMI (p < 0.05). An increase was
observed in HDL cholesterol (p < 0.001).

Table 2 shows the change in nutrient intake lev-
els. Mean total fat, SFA, and monounsaturated fatty
acid intakes decreased and protein intake increased
significantly (p < 0.001). Keys score calculated
from the change in SFA, PUFA, and cholesterol
intakes was — 5.1 units.

Pearson’s correlation coefficients between the
change in nutrient intakes and the change in serum
cholesterol levels are shown in Table 3. The
change in SFA intake showed the highest degree of
positive correlation with the change in serum cho-
lesterol levels in univariate analysis. The correla-
tion between Keys score and the change in serum
cholesterol levels is shown in Fig. 2. After adjust-
ment for possible confounding factors, Keys score

showed the highest degree of positive correlation,
followed by the change in SFA and cholesterol
(Table 3). No other significant correlation was
observed except for total fat and total energy.

The results of multiple regression analysis on the
correlation between change in serum cholesterol,
Keys score, the change in BMI, and serum choles-
terol at screening are shown in Table 4. The change
in BMI(p < 0.001)and Keys score (p < 0.01) were
positively, and serum cholesterol at screening (p <
0.001) negatively correlated with the change in
serum cholesterol. Forty-two percent of the total
variation of the change in serum cholesterol levels
in the subjects was explained by this model.
Similar results were observed in the model with the
change in intakes of SFA, PUFA, and cholesterol in
place of Keys score. However, the correlations for
these nutrients were not significant. The results for
the model with body weight was similar to those
with BMI, but the determination coefficient was
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Table 3 Correlations between the change in serum cholesterol levels and change in indicated

nutrient intakes (n =63)

Diet history questionnaire and serum cholesterol

Pearson’ s univariate

333

Keys score (units)

Fig.2 Correlation between Keys score and the change
in serum cholesterol level between screening
and after intervention
Formula of the Keys score as in Table 2.
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correlation coefficient Partial "
Energy (kcal/day) 0.32* 0.21
Protein (%E) —0.05 0.05
Carbohydrate (%E) —0.14 —0.12
Total fat (%E) 0.26* 0.16
SFA (%E) 0.33** 0.25
MUFA (%E) 0.23 0.10
PUFA (%E) 0.15 0.06
n-3 PUFA (%E) 0.08 0.10
n-6 PUFA (%E) 0.15 0.04
Vitamin C (mg/1,000 kcal) 0.00 0.03
Vitamin A (TU/1,000 kcal) —0.11 —0.12
Retinol ( xg/1,000 kcal) —0.09 —0.12
Carotene ( 12g/1,000 kcal) —0.08 —0.01
Cholesterol (mg/1,000 kcal) 0.14 0.22
Keys score (unit) 0.32* 0.33**
Ethanol (%E) —0.09 —0.05
Dietary fiber (g/1,000 kcal) —0.12 —0.12
Water soluble dietary fiber (g/1,000 kcal) —0.10 —0.11
Non-water soluble dietary fiber (g/1,000 kcal) —0.12 —0.11
" Adjusted for sex, age, serum cholesterol at screening, and change in body mass index.
Significance level from null correlation: *p<0.05, **p<0.01.
Formula of the Key score and abbreviations as in Table 2.
6, . . slightly lower.
Pearson's correlation coefficient =0.32
| 140 R DISCUSSION
'% We evaluated the responsiveness of the DHQ by
E Lo * examining diet-serum cholesterol association using
g L Y. the data of a 12-week dietary intervention trial for
8 . ——t—s mildly hypercholesterolemic subjects. To our
£ 0 * R ': ) knowledge, this is the first study quantitatively
g -20 ‘e e ot s, reporting the individual relationship between
g o % e, ° . dietary change and the change in serum cholesterol
o | -40 0e® o° |o levels among mildly hypercholesterolemic subjects
8 * * * o in Japan. The study was particularly important from
o - 60 . the viewpoint of development of dietary assessment
. methods used in dietary interventions and dietary
-0 -0 § o educations for cardiovascular prevention.

In order to examine the responsiveness of the
DHQ at an individual level, we performed correla-
tion analysis and multiple regression analysis using
Keys score and other confounding factors. After
adjustment for possible confounding factors, Keys
score showed the highest degree of positive correla-
tion (p < 0.01), followed by SFA and cholesterol
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Table 4 Multiple regression analysis of the change in serum cholesterol levels with serum
cholesterol at screening, the change in BMI (Models 1 and 2)or body weight (Models 3
and 4), and Keys score (Models 1 and 3), or the changes in SFA, PUFA, and cholesterol
intakes (Models 2 and 4), as independent variables adjusted for sex and age (n =63)

Partial 95% Pea:rst‘.’;’ s
Independent variable in the Models rcgr.ession ) confidence coIr)relalltion
coefficient ( 3) interval of j3 coefficient
Model 1 (R*=0.42)
Serum cholesterol at screening (mg/d!) —0.44 (—0.68 t0o—0.21) —0.44
Change in body mass index (kg/m?) 13.2 (7.5t018.9) 0.51
Keys score (unit) 1.22 (0.32t02.11) 0.33
Intercept 118 - -
Model 2(R*=0.41)
Serum cholesterol at screening (mg/d!) —0.45 (—0.70 to—0.20) —0.44
Change in body mass index (kg/m?) 13.3 (7.3t019.3) 0.50
Change in SFA intake (%E) 327 (—0.17 t0 6.70) 0.24
Change in PUFA intake (%E) —2.18 (—6.58 t02.22) —0.13
Change in cholesterol intake (mg/1,000 kcal) 0.08 (—0.03t00.19) 0.19
Intercept 119 - -
Model 3 (R?=0.39)
Serum cholesterol at screening (mg/d!) —0.43 (—0.67 t0—0.19) —0.42
Change in body weight (kg) 4.7 (2.4t06.9) 0.48
Keys score (unit) 1.28 (0.36 t0 2.19) 0.34
Intercept 119 - -
Model 4(R*=0.38)
Serum cholesterol at screening (mg/d/) —0.43 (—0.68 to—0.18) —0.41
Change in body weight (kg) 4.6 (23t07.0) 0.46
Change in SFA intake (%E) 3.47 (—0.05 t0 6.99) 0.25
Change in PUFA intake (%E) —1.68 (—6.19t02.83) —0.10
Change in cholesterol intake (mg/1,000 kcal) 0.08 (—0.03t00.19) 0.18
Intercept 118 - -

R?=determination coefficient. Formula of the Keys score and other abbreviations as in Table 2.

(Table 3). The partial regression coefficient indi-
cated that 1 unit decrease in Keys score indicated a
decrease of 1.2mg/d! in serum cholesterol (Table
4). This was slightly larger than, and presumably
comparable to, the original predictive value of this
score, i.e., 1mg/dl by 1 unit change®. We also
included other dietary variables into the model. As
expected from the partial correlation analysis
(Table 3), no other dietary variables shown in
Table 3 showed stronger correlation with serum
cholesterol change than Keys score.

The level of correlation was high for serum cho-

lesterol at screening (p < 0.001). Response to a
cholesterol-lowering diet is greater in hypercholes-
terolemic subjects compared to subjects with lower
cholesterol levels after adjustment for regression to
the mean®. Therefore, the observed highly signifi-
cant negative correlation between serum cholesterol
at screening and the change in serum cholesterol is
presumably attributable to both, i.e., “greater
response to the dietary education among subjects
with higher level of serum cholesterol” and
“regression to the mean”.

Some previous studies reported that dietary fiber,
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especially the water soluble type, decreased serum
cholesterol levels® . In this study, a non-significant
negative relationship was observed between the
change in dietary fiber intake and the change in
serum cholesterol. More subjects are necessary to
examine the possible effect of serum cholesterol
reduction by dietary fiber.

We examined the effect of weight reduction in
multiple regression analysis including body weight
instead of BMI. The predictive decrease in serum
cholesterol by 1.0kg weight reduction was
4.7mg/dl(Table 4). This was greater than the pre-
viously reported value, 1.9 mg/d/, estimated by a
meta-analysis®”. Although inconclusive, the serum
cholesterol levels of the Japanese subjects might be
more sensitive to weight change than those of
Westerners. Smoking also influence serum choles-
terol levels*®. However, the effect is negligible in
this study because smoking habits did not change
between the 2 health checkups. In a previous study,
physical activity, but only those with intensity
greater than 9kcal/min, correlated negatively with
serum cholesterol after controlling confounding
factors*’. We also recommended to engage in
physical activity. But we could not include a
change in any indicator of physical activity into the
analysis because of insufficient data-collection. The
results might be obscured by this lack of informa-
tion.

Level of low-density lipoprotein (LDL) choles-
terol is also responsive to a change in dietary
habits'~'3). However, we did not estimate LDL
cholesterol levels from total and HDL cholesterol,
and triglyceride by the Friedewald formula*?
because 43% of the subjects showed high levels of
triglyceride (> 400 mg/dl) at the checkup in 1995,
probably because of non-fasting condition at the
blood sampling.

Quantitative evaluation of dietary change in
interventions has usually used the dietary record or
recall method with a few days in Japan. However, a
few days for dietary record or recall is not enough
for nutrients with wide day-to-day variation within
individuals'”'®, This is the case for SFA, PUFA,
and cholesterol for assessment at an individual
level'718. A semi-quantitative dietary assessment
questionnaire which assesses diets for a longer peri-
od is recommended for these nutrients!743).
Considering the results of these previous method-
ological studies, the duration of this trial, and feasi-
bility for the subjects, the DHQ was designed to
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assess dietary habits in the previous 1 month.

A study examined means of sodium reduction by
24-hour dietary record and by urinary excretion of
sodium in a hypertension prevention trial, and
reported more marked decrease in sodium intake by
dietary record, 44%, than the actual decrease esti-
mated from urinary excretion, 16%*". This tenden-
cy, so-called over-adherence, has been observed in
several dietary intervention studies*”). This may
appear more severely in the results assessed by a
self-administered dietary assessment questionnaire.
However, in one previous study which compared
nutrient intakes between the 4-day dietary record
and a self-administered semi-quantitative food fre-
quency questionnaire, no marked difference was
observed in the evaluated changes by the 2 assess-
ment methods*®. In this study, the 95% confidence
interval of the partial regression coefficient of Keys
score in multiple regression analysis was 0.32—
2.11(Table 4). Because of this wide, although sig-
nificant, confidence interval, the possible existence
of over-adherence in this study was difficult to
examine. Further studies are necessary to examine
this topic.

We used serum cholesterol levels of single mea-
surement at each checkup. A previous study
revealed that single serum cholesterol measurement
was not enough to evaluate the intervention effect
because of the within-individual variation*?.
Moreover, the blood sampling was done in the no-
fasting condition, which might bias the results.
Although diet was assessed just before the trial,
serum lipid levels measured at the screening in the
health checkup in 1995, i.e., about 7 months prior
to the dietary assessment, were used for the analy-
sis. This also introduced a bias to the results.
Although these shortcomings of the study design
might have obscured the results, the responsiveness
observed in this study was presumably underesti-
mated rather than overestimated because the possi-
ble biases were likely to affect the results randomly,
rather than systematically.

The observed correlation between the Keys score
and the change in serum cholesterol (p < 0.01) was
much weaker than some previously reported values,
for example p < 0.001 in the special care group of
the Multiple Risk Factor Intervention Trial*®. This
difference could be attributed to the several short-
comings of the study design mentioned above, such
as lack of information on physical activity, inaccu-
rany of serum cholesterol level at the start of the
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intervention, and single measurement of serum cho-
lesterol. Because most previous studies were con-
ducted in Western countries, a possible difference
of serum cholesterol response to dietary change
between races cannot be excluded. Furthermore, a
recent review article which summarized the results
of dietary intervention studies to lower blood cho-
lesterol in free-living subjects pointed out the lower
effect of intervention in free-living subjects than the
reductions predicted from the Keys score®. This
indicates more unexpected and uncontrolled factors
in studies for free-living subjects than in clinical
settings. This work-site study may also have been
biased by unknown factors related to serum choles-
terol.

Another shortcoming of this study was the lack
of a control group. For example, the observed
change in serum lipids and dietary habits before
and after intervention might be attributed to season-
al variation rather than to intervention effect
because seasonal variations have been reported
both for serum lipids and dietary habits**>?. This is
a serious problem when the intervention effect is
evaluated at a group level. However, we examined
the relationship between the change in serum cho-
lesterol level and the change in dietary habits only
at an individual level. If the possible seasonal varia-
tions occur in the same direction for all, or for the
majority, of the subjects, it is theoretically not a
major bias when the relationship at an individual
level is concerned. However, as unknown factors

=
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beside the possible seasonal variations of serum
lipids and dietary habits cannot be fully excluded
by this study design, the results obtained in this
study should be examined in a further study with an
adequate control group.

Compared to conventional dietary assessments
such as dietary record and dietary recall, the burden
on both subjects and staff was reduced in the DHQ.
However, 30—60 min was needed to answer the
DHQ, and might have been troublesome for some
subjects at a work-site. Some groups in Western
countries have developed a short-version question-
naire to assess intake levels of limited, but target,
nutrients3'2), From the view-point of feasibility, a
short-version of the DHQ should be developed for
an assessment of target nutrients and dietary behav-
iors needed for dietary interventions with a special
purpose such as serum cholesterol reduction.

In conclusion, the Keys score assessed by the
DHQ predicted the change in serum cholesterol
levels at an individual level. The results suggested
that the DHQ was responsive enough at least to
indicate serum cholesterol change in a dietary inter-
vention.
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